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(54) Aqueous dl8per8k>n for chemical mechanical polishing 



(57) There is provided an aqueous dispersion for 
CMP with an excellent balance between chemical etch- 
ing and mechanicai polishing performance. The aque- 
ous dispersion for CMP of the invention ts characterized 
by comprising an abrasive, water and a heteropolyadd. 
Another aqueous disperston for CMP according to the 
inventton is characterized by comprteing an abrasive, 
water, a heteropolyadd and an organic acid. Yet another 
aqueous dispersion for CMP according to the Inventon 



Is characterized k>y corrprising colloidal silica with a pri- 
mary particle size of 5-100 nm, water and a heteropol- 
yacid. Preferred for the heteropolyacid is at least one 
type selected from among siIkx)motyt>dic acid, phospho- 
rotungstic acid, sHicotungstic acM, phosphoromolybdic 
acid and silicotungstomoiybdk: add. Prefenred for the 
organic acid is at least one selected from among oxalic 
add, matonic add. suodnk: acid, glutark: acid, adipic ac- 
id, maielc erctd, fumaric ackl, phthaiic add, malic add. 
tartaric add and citric add. 
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Description 

[BACKGROUND OF TVIE INVENTtON] 
5 [Refd of tho Invention] 

[0001] The present invention relates to an aqueous dispersion for chenrto) nrTechanica) polishing. More spedfically, 
the invention relates to an aqueous dispersion that is particularty useful for chenr^lcal nnechanical polishing of ntetal 
layers during production steps for senrtioonductor devices. 

10 

[Description of the Prior Arfl 

[0002] Improvements in degrees of semiconductor device integration and increased multilayer wiring have led to the 
introduction of diemical mechanical polishing (hereunder refen^ed to as "CMP*) techniques for polishing of working 

IS films and the like. As disclosed in Japanese Laid-open Patent Publication No. Sho-82-1 02543, No. Sho-64-55845 and 
No. Hei'5-275366, Published Japanese translations of PCT international publk:ation for patent applicatk>ns No. Hel- 
B-510437. and Japanese Laid-open Patent Publication No. Hel-8-17831. No. Hef-8-197414 and No. Hel-1 0-44047, 
tl^ere are employed ntethods whereby wiring is fonmed by embedding a wiring material such as tungsten, aluminum 
or copper in a hole or trench fomned In the insulation film of a process wafer, and then renrwving the excess wiring 

20 material by CMP 

[0003] In this CM P process, the chemical etching and mechanical polishing must be effecth/ely Incorporated together 
and the balance between the chemical function and mechanical function is important for obtaining a polished surface 
with sufficiently high precision. 

[0004] Many types of aqueous dispersions have been proposed as compositions for CMP, and in recent yearn par- 
ticular emphasis has been on Improving the chemical etching fum^on. For exannple, in Japanese Patent PubOcatton 
No. Het-6-1 03681 there Is disclosed a polishing composition comprising abrasive parttoles. a transitional chelate salt 
and a soh/ent that dtesolves the salt. In Japanese Laid-open Patent Publication No. IHel-6-313164 th«fe is dlsckwed 
a polishing composition composed of a polishing material comprising an aqueous coltokial siOca sol or gel and a pol- 
ishing accelerator comprising a persulfuric acid salt. In Japanese Lakl-open Patent Publication No. Hel-7-23348S there 

^ is described a polishing composition containing aminoacetic ackl, amidosutfurlc acid, an oxidizing agent and rater. In 
Japanese Laid-open Patent Publication No. Hei-1 1-1 35467 there Is descrt>ed a polishing composltton containing a 
tetravalent cerium salt in aqueous solution. In Japan^e i^d-open Patent Publication No. Hei-1 0-265766 there Is 
described a polishing composltk>n comprising a combination of hydrogen peroxide and a catalytic amount of iron ion. 
However, while these polishing compositions all have greater chemical etching ability and hl^er removal rates, the 

35 balance with the mechanical polishing ability Is insufficient, such that the wiring materials undergo excessive etching, 
corroston traces are left on the polishing suriaces, and dishing, thinning and keyholes are produced on plug surfaces, 
creating a problem in that satisfactory finished surfaces cannot be obtained. 

[0005] The mechanical polishing ability depends langety on the abrasive, and inorganic particles such as silica and 
alumina particles have been conrvnonty used in the prior art. Such Inorgank: partk^les must be stably dispersed In a 
40 slurry, but problems such as Instability end aggregate fonnatlon sometimes occur because of reduced colloid stability 
due to additives suc^ as polishing accelerators , sedlmentatton In a slurry during storage, and the like. The aggregates 
produce nicks (scratches) In the polishing surface, end this leads to reduced yields. However, no aqueous dispersion 
for CMP has yet been proposed that provides both the chemical etching ability described above emd stability of the 
abrasive in the aqueous dispersion. 

45 

[SUMMARY OF THE INVENTION] 

[Problems to be Solved by the Invention] 

so [0006] The present invention is akned at overcoming the aformentloned problems of the prior art, and it provides 
an aqueous dispersion for CMP that has an excellent balance between chemical etching and mechanical polishing 
ability. That is. the object of the present invention is to provide an aqueous dispersion for CMP with a high removal 
rate that allows efficient polishing, while also prodi^ng minimal excessive etching, thinning, dishing, keyholes and 
scratches, to give finished surfaces with satisfactory high predsbn. 

53 

[Features of the Invention] 

[0(X)7] According to the present Invention, an aqueous dteperslon for CMP ha>^ng constitution describe below Is 
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provided to solve the above-mentioned objects. 

[1] An aqueous dispersion forchemica) mechanical polishing charactertzed by comprising an abrash^e, water and 
a heteropolyacid. 

[2] An aqueous dispersion for chemical mechanical polishing according to {1] above, characterized In that eatd 
heteropotyacid Is at least one selected from among sUlcomotytKiic acid, phosphorotungstic add, sittcotungstic add, 
phosphoromotybdic acid and sliicotungstomolybdic add. 

[3] An aqueous dispersion for chemical mechanical polishing according to [1] above, characterized by being used 
for poltehing of a poQshtng surface with a tungsten fUm. 

[4] An aqueous dispersion for chemical mechanical polishing according to [1 ] at>ove, characterized by being used 
for polishing of a polishing surface with at least one from among copper films, aluminum films, ruthenium films, 
tantalum films, titanium fWros and platinum fi^. 

[5] An aqueous dispersion for chemical mechanical polishing according to [1] above, characterized fn that upon 
contact with the metal layer of a polishing surface, the etching rate of said metal layer is 100 AMiln or tess. 
[6] An aqueous dispersion for chemical mechanical polishing, characterized by connprising em abrasive, water, a 
heteropolyadd and an organic add. 

[7] An aqueous dispersion for chemical mechanical polishing according to [6] above, diaraderized In that said 
heteropotyacid is at least one selected from among silicomolybdic add, phosphorotungstic add, silicotungstic add. 
phosphoromotybdic acid and silicotungstomolybdlc acid. 

[8] An aqueous dispersion for chemical mechanical polishing according to [6] above, charaderized in that said 
organic acid has two or more carboxyl groups In one molecule. 

[9] An aqueous dispersion for chemical mechanical polishing according to {8] above, charaderized in that said 
organic add is at least one seleded from among ox^ic add, malonic add. succinic add, glutaric add, adipic add. 
maleic add, fumaric add, phthalic add. malic add, tartaric add and citric add. 

[1 0] An aqueous dispersion for chemical mechanical polishing according to [6] at)ove, characterized by being used 
for polishing of a polishing surface with a tungsten film. 

[1 1 ] An aqueous dispersion for chemical mechanical polishing according to [6] above, characterized by being used 
for polishing of a polishing surface with at least one from among copper films, aluminum films, ruthenium fHnns, 
tantalum filnrts, titanium films and platinum films. 

[1 2] An aqueous dispersion for chemical mechanlced polishing, charaderized by corr^rising colloldaJ siilca with a 
primary particle size of 5-100 nm, water and a heteropotyacid. 

[1 3] An aqueous dispersion for chemical mechanical polishing according to [1 2] above, charaderized in that said 
colloidat slDca is colloidal silica obtained by hydrolysis and condensation from an allcoxysilane. 
[1 4] An aqueous dtspersion for diemicai mechanical polishing according to [1 2] at>ove, characterized In that said 
heteropolyacid is at least one seleded from among tMllcomotybdlc add, phosphorotungstic add, silicotungstic add, 
phosphoromolybdic add and slUcotungstomolybdic add. 

[15] An aqueous dispersion for chemical medianical polishing according to [12] atx>ve, charaderized by further 
comprising an organic add. 

[16] An aqueous dispersion for chemical mechanical polishing according to [12] above, charaderized by being 
used for polishing of a polishing surface with a tungsten film. 

[17] An aqueous dispersion for chemical mechanicai polishing according to [12] above, characterized by being 
used for polishing of a poSshing surface with at least one from among copper fHms, aluminum films, ruthenium 
films, tantalum films, titanium films and platinum fiims. 

[Effed of the Invention] 

[0008] The aqueous dispersion for CMP according to the invention has an excellent balance between chmtoal 
etching and mechanical polishing ability, and when used for polishing of poltehlng surface with metal layers It can give 
highly predse polished surfaces with no corrosion, dishing or keyholes on the polished surfaces. The aqueous disper- 
sion for CMP according to the Invention is therefore useful for CMP of polished surfaces with metal layers In manufac- 
turing processes for sembondudor devices. 

[DETAILED DESCRIPTION OF THE INVE^mON] 

[0009] The present invention will now be explained In further detail. 

[0010] As the 'abrashfes* in the aqueous dispersions for CMP (hereuncter referred to sbnply as "aqueous disper- 
sions') according to the invention there may bo used one or more typ^ from among: 
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ino^ante particles c&mposed of slltea, alumina, tttania, zlrconla, cerla or the like; 

organic particles composed of styrene-based copolymers, acr^ic copoiymers or the IDce; and 

organic/inorganic composite particles composed of ^ese orgartlc partictes and Inorganic partides. 

5 [0011] As Inorganic particles tliere are preferred high-purity inorganic particles. Specific ones include particles of: 

silica, alumina, tltania or the like which are synthesized by a fumed method in whk± oxygen and hydro^n are 
reacted with siltoon chloride, aluminum chloride or titanium chloride In a gas phase, 

silica, alumina or titania whkih are synthesized by a sol-gel me^od in which a metal alkoxide is hydrolyzed and 
10 condensation is carried out for the synthesis, and 

silica, alumina or tttania whteh are synthesized by an Inorgante colloid method In whteh the Innpurtties are removed 
by purtfk:atk)n. 

[001 2] As organk; partteles there may be used particles composed of: 

15 

(1) Polystyrene and styrene-based copolymers. 

(2) (Meth)acrylk: resins such as polymethyl methacrylate and (meth)acrylk; copolymers, 

(3) Polyvinyl chloride, polyacelal, saturated polyesters, polyamWes, poJy^Wes, polycart>onates and phenoxy res- 
ins, and 

20 (4) Polyoleftns such as polyethylene, polypropylene, poly-1 -butene and poly-4-methyM -pentene, and olef^-based 
copolymers. 

[001 3] These organte particles nnay be produced by emuteion polymerization, suspension polymerization, emulsifying 
dispersion, pulverization and the like. 
2s [0014] The organto partteles used may be composed of a copolymer with a crosslinked staicture. obtained l>y syn- 
thesis of the aforementioned polymers in the presence of dlvlnyl benzene, ethytenegtycol dimethacrytate or the like. 
There may also be used organic particles composed of thermosetting resins such as phenol resins, urea resins, mela- 
mine resins, epoxy resins, alkyd resins and unsaturated polyester resins. 

[0015] The aforementioned 'organki/inorganic composite particles'' may consist of organic partictes and inorgank: 
30 partictes fomned integrally to an extent so as not to easily separate during the CMP process, and there are no particular 
restrictions on their types or structures. As organte/inorganks composite partteles (hereunder referred to as 'composite 
partteles*) there may be used particles fomned by polycondensation of an atkoxysiiane, aluminum alkoxide, titanium 
alkoxide or the like in the presence of polymer particles of polystyrene, polynnethyt methacrylate or the like, and bonding 
of polysiloxane or the like on at least the surface of the polymer particles. The resulting polycondensate may fc»e directly 
35 bonded to the functional group of the polymer partk:les. or It may be bonded via a sitane coupling agent or the like. 
[0016] For production of the composite partk^ies, silk:a partk:les or alumina particles may also be used instead of an 
alkoxysitane. These may be held by intertwining with the potysitoxane, or else they may be chemteally bonded to the 
polymer particles by their functional groups, such as hydroxyl groups. 

[0017] The composite parttoles may be the partksles composed of organic particles and inorgante partteles borKied 
40 by electrostatk: force, whk^ are fonned from an aqueous dispersion containing organ te partteles and inorgante partteies 
with zeta potentials of opposite signs. 

[001 B] The zeta potentials of organic parties are usually negative across the entire pH range, or across a wide pH 
range except for the low pl-l range; however, by using organic particles with carboxyl groups, sulfonte acid groups or 
the tike, it is possible to obtain organk: partteles with a more definite negative zeta potential. Organte partteles with 

45 amino groups and the Rke have a posith^e zeta potential in specifte pH ranges. 

[0019] On the other hand, the zeta potentials of inorganic particles are highly plH-dependent and have an Isoelectrte 
point at whteh the potential is zero; the sign of the zeta potential reverses at around that point 
[0020] Thus, by combining specifte inorgante particles and organte partteles and mixing them in apH range at whteh 
their zeta potentials are opposite signs. It ts posstbte to fomn an Integral composite of the inorgante partteles end organte 

50 partteles by electrostatte force. Or. the zeta potentials may be of the sanre sigpi during the mixing, and the pH adjusted 
thereafter so that the zeta potentials of the inorganic partteles and organte partteles are of opposite signs, thereby 
allowing integration of the Inorgante partteles and organic particles. 

[0021] The organte/Inorgante composite partteles used may be prepared by polycondensation of en alkoxysilane, 
aluminum alkoxide. titanium alkoxide or the like In the presence of the particles Integrally composed In this manner by 
55 electrostatte force, and bonding of polysiloxane or the like on at least the surface of the particles to fomn a composite. 
[0022] These abrasives nomnatly exist in the aqueous dispersion as aggregates (secondary partteles) composed of 
small partteles (primary partteles). The mean parttele size of the secondary partkrfes of the aforenf>entkmed abrasive 
is preferably "0.005^ ^m". A mean parttele size of less than 0.005 (un will sometimes make it inpossibte to otHaIn an 



4 




EP1 123956 A1 

aqueous dispersion with an adequately high removal rate. On the other hand, a mean parttole size of greater ^an 3 
may result in precipitation and separation of the abrasive, hampering efforts to achieve a stable aqueous dispersion. 
The mean particle size Is more preferably 0.01-1 .0 \m and more preferably 0.02-0.7 \jan. An abrasive with a mean 
secondary a mean particle size of the secondary particles in thte range can give a stable aqueous dispersion for CMP 
5 that has a high removal rate wiUtout precipitation and separation of the particles. The mean particle size of the secondary 
particles may be measured by observation using a laser diffusion diffraction measuring Instrument or a transmission 
electron microscope. 

[Q023I-{|The abrasive content may be 0.05^0 Wtfc, more preferably 0.1 -IS wt%, even nrwre preferablyid.i^l &wt%; 
with respectto thetotal amount of the aqueous dispersion . If the abrasive contentlsless ^an 0.05 wt% the Improvement 
10 in polishing perfonmance wPI be Insufficient, and If it Is greater than 20 wt% the cost Is increased and the stability of 
the aqueous dispersion is undesirably lowered. 

[0024] For the aqueous dispersions of the invention, "colloidal silica* may be used as the abrasive. As the collolda] 
silica there may be used colloidal silica synthesized, for example, by a fun^ method In which oxygen and hydrogen 
are reacted with silicon chloride or the like In a gas phase, a sol-gei method Invohring synthesis by hydrof^Is and 
13 condensation from an allcoxysilane such as tetraethoxysliane, or an inorganic colloid method In which the impurities 
are renrvoved by purification. Particularly prefen-ed for use is colloidal silica synthesized by a sol-get ntethod Involving 
synthesis by hydrolysis and condensation from an alicoxysitane such as tetraethoxysliane. 

[0025] As aikoxysitanes there may be used, for exanDple, tetramethoxysilane, tetraethoxysliane, t^ra-n-propoxysi- 
lane, tetra-lso-propoxysllane. tetra-n-butoxysilane. tetra-iso-butoxysltane. n>ethyltr^ethoxy8ilane, methyttrlethoxysl- 

20 lane, ethyltrlmethoxysilane, ethyltriethoxysilane, n-propyltrimethoxysilane, n-propyltrlethoxysilane. teo-propyttrlmsth- 
oxysilane, Iso-propyltrlethoxysilane. n-butyttrlmethoxysitane. iso-butyttrlmethoxysilane, f-chloropropyttrlmethoxysi- 
lane, y -chloropropyttriethoxysilane, 3,3.3-trifiuoropropyttrimethoxysilane, 3,3,3-tr!fluoropropyttriethoxy8ilane, r-glyci- 
doxypropyltrlmethoxysilane, y-fiiycidoxypropyldtmethoxyatkylsilane, r-glycidoxypropyttriethoxysllane. y-glycidoxypro- 
pyldiethoxyallcylsilane. 7-methacryloxypropyltrimethoxysilane, Y-mothacfyloxypropyltrtethoxysBane, Y-mencaptopro- 

25 pyltrimethoxysliane. y -mercaptopropyltriethoxysHano, y -aminopropyttrlmethoxysilane, y -aminopropyltrtethoxysilane, 
vInyttrbTiethoxyslIane. vinyltrlethoxysllane, phenyltrlmethoxysllane. phenyttrlethoxysllane. 3.4-epoxycyclohexyl6thyttri- 
methoxysilane, 3.4-epoxycycloh6xylethyItrlethoxysilane, dImethykllnDethoxysllane, dimethyldiethoxysltane and di- 
ethyldimethoxysilane 

[0026] Partteularly prefen-ed among these are tetramethoxysilane, tetraethoxysliane, tetra-Iso-propoxysiiane, tetra- 
30 n-butoxysilane, tetra-iso-butoxysllane, methyttrimethoxysilane. nrtethyltrlethoxysliane, ethyltrlnrwthoxysilane, ethyltri- 
ethoxysilane, n-propyltrin>ethoxysilane, n-propyltriethoxysllane, iso-propyltrimethoxysllane, iso-propyltriethoxysilane, 
n-butyltrimetiioxysllane, dimethyldimethoxysilane, dlmethytdiethoxysiiane and diethyldimethoxysilane. 
[0027] The primary partk^e size of the collokjal silica used in the aqueous dispersions of the invention is 5-100 nm, 
and preferably 5^0 nm. If the primary particle size of the coltoidal silica is less than 5 nm It may not be possible to 
33 obtain suffk:ient mechank^l polishing ability. On the other hand, if the primary particle size is greater than 100 nm 
scratches may tend to more readily occur, and the stability of the aqueous dispersion may be lowered. 
[0028] Colloidal sitk^a with a prlnrrary particle size in this range can ghm a stable aqueous dispersion for CMP ¥fith a 
high removal rate, minimal scratching and no precipitation or separatton of particles. 

[0029] The mean partk:le size of secondary pBrtk:les formed of aggregates of the primary partteles is preferably 
40 10-200 nm and more preferably 10-100 nm. With a mean secondary pattk:le size of less than 10 nm It may not t>e 
possible to obtain an aqueous dispersion witii a sufHciemly high removal rate. On the other hand, with a mean secondary 
partble size of greater than 200 nm, scratches may tend to more readily occur, and the 8tat>ility of the aqueous dis- 
persion may t>e lowered. 

[0030] Colloklal sllca with a mean secondary parttole size in this range can give a stable aqueous dispersion for 
43 CMP with a high removal rate, minimal scratching and no precipitation or separation of particles. 

[0031] One such type of coIk>ida] sllk:a may be used, or two or more different types with different primary parttete 
sizes or secondary partlde sizes may be used in combination. 

[0032] The primary particle size may be calculated from the spoclfte surface area by the BET nrwthod. The mean 
secondary particle size may be measured by observatton using a laser diffusion diffraction nr^asurlng instrument or a 

so transmisston electron microscope. 

[0033] The colloidal silica Is preferably of high purity in order to avoM contamination of tiie polishing surface. Spe- 
clficaDy {inferred is colloidal silk^a with a sodium content of no greater than 1 0 PF^, preferably no greater than 8 ppm 
and espedally no greater than 5 ppm. If the sodium content is greater than 10 ppm, the polishing surface may be 
contaminated by sodium during use of the CMP sluny. 

55 [0034] The content of colloidal s{ik:a according to the invention maybe 0.05-20 wt%, preferably 0. 1 -1 5 wt% and more 
preferably 0.1 -1 0 wt% with respect to the total amount of the aqueous cKsperskHt. If the colk>ldal sltk:a content is less 
than 0.05 wTJ'o tho tfnprovement in polishing perfonnance win be Insufficient, and ff it is greater tiian 20 wr« the cost 
is IrK^reased and the stability of tiie aqueous dispersion is untteirably lowered. 
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[0035] The medium for the aqueous dispersion of ttie invention may be vvater or a mixed medium composed mostly 
of water (such as a mbcture of water and methanol), but water aione Is particuiarty preferred. 
[0036] As the "heteropotyacid" to be included in the aqueous dispersion of the Invention there may be used an add 
produced by two or more metals among polyaclds fomied by condensation of Inorganic adds. As the main atoms of 

5 the polyacid forming the heteropotyacid there may be mentioned Cu, Be. B, AI, C, SI, Ge, Sn, Tl. Zr. Ce. Th, N, P. As, 
Sb, V, Nb, Ta, Cr. Mo, W, U. S, Se, To, Mn. I, Fe, Co. Nl. Rh. Os. Ir and Pt Among these are pretend V, Mo and W. 
[0037] As the heteroatom to be combined with the aforenwntioned main atom there may be used a metal from among 
Cu. Be. B, A1 , C, SI. Ge. Sn, H. Zr, Ce, Th, N. P. As. Sb, V, Nb. Ta. Cr. Mo, W, U, S, Se, Te. Mn, I, Fo. Co. Ni. Rh. Os, 
Ir and Pt, which is different from the aforementioned ma\n atom, and SI and P are pr^erred. 

10 [0038] As specific examples of heteropolyackis there may be mentioned siltcomolybdic add, phosphoronDolybdic 
acid, silicotungstic add, phosphorotungstic add and 8ilkX)tungstonrK)lyt>dic add. 

[0039] For polishing of polishing surfaces with tungsten films, sllicomolybdic acid, phosphoromolybdlc add and ell- 
icotungstomotybdic acid are particuiarty preferred. 

[0040] The amount of the heteropolyadd to be used for the aqueous dispersions may be 0.1-15 wt%, preferably 
IS 0.2-1 0 wt%, more preferably 0.5-8 wt%, even more preferably 2-8 wt% with respect to the total of the aqueous disper- 
sion. 

[0041] If the heteropotyacid content Is less than 0.1 wt% the removal rate of the aqueous dispersion wlH not be 
adequately increased. However, suffident Improvement in the removal rate is achieved with a content of 15 wt%. At 
greater than 15 wt%. corrosion occurs in polishing surfaces and an undeslr^le risk is therefore posed In temns of 
20 handling. 

[0042] The heteropotyacid nnay also be used in combination with a base to form a salt. Altemath^ety, the heteropot- 
yacid and/or its salt may be dissociated either partially or completely in the aqueous dispersion to include Ions. 
[0043] The aqueous dispersions for CMP of the invention can exhibit high performance by containing only the afore- 
mentioned abrasive, water and heteropolyadd, but depending on the purpose they may also contain other additives. 
25 Such additives include oxidizing agents other than the heteropolyadd, adds other than the heteroiDotyadd, bases, 
surfactants, viscosity adjusters, and the lltce. 

[0044] By Including an 'add" it Is possible to further Innprove the dlspersabiltty. stability and rennovat rate of the 
aqueous dispersion. The acid is not particuiarty restricted, and any organic add or Inorganic add may be used. 
[0045] As organic acids there may be nnentioned para-toluenesutfonic add. dodecytbenz^esulfonlc add, isopre- 

30 nesulfonic acid, gluconic acid, lactic add, citric add, tartaric acid, malic add, gtycolk: add. malonic add. formic add. 
oxalic add. succinic add. fumaric add, maleic add and phthaDc add. Prefened anrtong these are organic ackls with 
at least two carboxyt groups in one molecule. As specific examples of pretended orpantc adds there may be mentioned 
oxalic add. malonic add. sucdnlc add. glutaric add. adipic add, mateic add, fumaric acid, phthalic add. matic add. 
tartaric acid and citric add. These organic adds may be used alone or In combinations of two or more. 

35 [0048] As inorganic adds there may be mentioned nitric add. hydrochloric ^Id and sulfuric acid, and any one or 
more of these nr>ay be used. An organic acid and an Inorganic add may also be used in combination. 
[0047] The contents of these acids may be up to 1 0 wt%. preferably 0.005-1 0 wt%, more pr^erabty 0.01-8 wt%, and 
especially from 1 -8 wt% with reaped to the total of the aqueous dispersion. With an organic add content within these 
ranges it is possible to provide an aqueous dispersion with excellent dispersability and euffteient stability, while it is 

40 also prefened from the stam^int of minimizing etching. 

[0048] As "oxidizing agents" there may be used those seleded as appropriate depending on the electrochemical 
properties of the metal layer of the polishing surface, based on a Pourbaix diagram, for exanple. As examples of 
spedfic oxidizing agents there may be mentioned, 

45 hydrogen peroxide; 

organic peroxides such as peracetlc add, perbenzoic add, tert-butythydroperoxide; 

penmanganate compounds such as potassium permanganate; 

blchmmate compounds such as potassium bichromate; 

halogenate compounds such as potassium iodate; 
50 nitric compounds such as nitric add. Iron nitrate; 

perhaiogenate compouncte such as perchloric add; 

transition metal salts such as potassium ferricyanide; and persutfurtc conrtpounds such as ammonium persulfate. 

[0049] The content of the oxidizing agent for the aqueous dispersions of the Invention may be up to 1 5 wt%. preferably 
55 no greater than 1 0 wt% and more preferably no greater than 8 wt% with respect to the total of the aqueous disperdon. 
When Induded at greater than 15 wt%. corrosion occurs In polishing surfaces and an undesirable risk Is ther^ore 
posed In tsnns of handling. Though the tewer limit Is not restricted, to exhibit suffteient effect the ojntent of the oxidizing 
agent may norrrrally be 1 wt% or more, preferably 2 wt% or more. 
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[0050] The aqueous dispersion for CMP according to the invention may also contain a "base" for control of the pH 
to ffnprove the dispersabllfty, corrosion resistance, stability and removal rate of the aqueous dispersion. The base ts 
not particuteirty restricted, and any organic base or Inorganic base may be used. As organic bases there may be men- 
tioned ethylenedlamine and ethanolamlne. As Inorganic bases there nuiy be mentioned ammonia, potassium hydrox- 

5 Ide, sodium hydroxide and lithium hydroxide, and these bases may be used atone or In combinations of two or more. 
[0051] The base contents for the aqueous dispersions of the Invention may be up to 10 wt%, and preferably from 
0.01 to 8 wt%, more preferably from 1 to 8 wt% with respect to the total of the aqueous dispersion. 
[0052] As 'surfactants' there may be used catlonic surfactants, anionic surfactants or non-Ionic surfactants. As cat- 
ionic surfactants there may be mentioned fatty amines, aliphatic ammonium salts and the like. As anionic surfactants 

10 there may be mentioned carboxylic acid salts such as fatty acid soaps and alkylether cart>oxyllc acid salts, sulfonic 
acid salts siK^h as alkylbenzenesutfonlc acid salts, alkylnaphthalenesutfonic add salts and a-oleflnsutfonlc acid salts, 
sulfuric add ester salts such as higher alcohol sulfuric acid ester salts and alkylether sulfuric add salts, and phosphoric 
acid ester salts such as alkylphosphorte add ester salts. As non-tonic surfactants there may be mentioned ethers such 
as polyoxyethylene alky! ether, ether esters such as polyoxyethylene ethers of glycerin esters, and esters such as 

IS polyethylene glycol fatty acid esters, glycerin esters and sorfoltan esters. 

[0053] The surfactant content may be up to 5 wt%, preferably no greater than 3 wt% and more preferably no greater 
than 1 wt% with respect to the total of the aqueous disperston. If the surfactant content Is greater than 5 wt%, the 
polishing performance n^ay t>e undesirably lowered. 

[0054] The polishing surface with a metal layer to be polished using an aqueous dispersion for C^P according to 
20 the Invention may be a polishing surface with at least one type of metal layer from among pure tungsten films, pure 
aluminum films, pure copper films, pure ruthenium fltms, pure tantalum films, pure titanium films and pure platinum 
films, as well as ailoy films of tungsten, aluminum, copper, ruthenium, tantalum, titanium or platinum with another 
metals, that are fonned on semtoonductor bases in manufacturing processes for semiconductor devtoes such as VLSls 
and the like. In addition to these metal layers, tantalum nitride, titanium nltrkle and polysilicon layers that are used for 
25 banier metal layers may also be present in the polishing surface. 

[0055] The aqueous dispersion of the Invention may employ an appropriate composition suited for the purpose, and 
when the aqueous dispersion Is contacted with a metal layer of a working surface, the "etching rate" of tite metal layer 
is preferably 'no greater than 1 00 A/mln". The etching rate Is preferably no greater than 60 A/min, and MpedaUy no 
greater than 40 Mnln. The etching rate may be adjusted by adjusting ttie oxidizing agent content, tiie ec\6 content 
30 and the base content. The etching rate can be measured by an appropriate method, but It is preferably measured by 
Immersing the wafer wfth the working surface In tiie aqueous dispersion at 5-40»C. ordinary pressure for 5-30 nrtinutes, 
and then determining the amount of loss of the film thickness of the metal layer. 

[0056] According to tiie inventton, the etching rate Is adjusted by adjusting tie composition and pH of the aqueous 
dispersion to produce an aqueous dispersion for CMP having the desired polishing performance. 

35 [0057] CMP of a polishing surface using an aqueous dispersion for CMP according to the Invention can be polished 
u nderthe prescribed polishing condlttons witii a commercially available chem toal mechantoal polishing apparatus (such 
as Model "LGPSIO" or-LGP552" by LapmasterSFTCo., Ltd.; Model •EPO-112", "EPO-HS" and "EPO-222" by Ebara 
Corp.; Model "Mina* by Applied Materials Corp.; and Model •AVANTt-472" by AlPEC Corp.). 
[0058] It is preferred for the abrasive remaining on the polishing surface to be removed after polishing. The abrash^e 

40 may be removed by a common washing method. When the abrasive consists of only organto particle, the polishing 
surface may be heated to high temperature in the presence of oxygen to bum off the organto abrasives for their removal. 
The specmc buming method used may be an ashing treatment mettiod with plasma whereby oxygen radicals are 
supplied in a downflow for exposure to oxygen plasma; this allows the residual organto abrasives to be easily removed 
from the FMllshlng surface. 

45 

[EmbocSments of the Invention] 

[0059] The present Invention will now be explained in greater detail by way of examples. 

50 (1) Experimental Example 1 

[0060] Aqueous disper^ns for CMP were prepared for Examples 1 A to 19A and Comparath/e Examples 1 A to 4A, 
and were evaluated. 

S3 Example 1A 

[0061] There was prepared 1 00 parts by weight (hereunder referred to simply as •parts') of an aqueous disperston 
for CMP in which 5 parts of siltoomolybdto add was dissolved and 5 parts of fumed slltoa (#90. produ<a of Nippon 



7 



EP1 123^ A1 

Aerostl Co., Ltd.) was dispersed. The pH of the aqueous dl^rslon was 1 *5. 

[0062] A blanket wafer C^-Blanket". product of SKW Assodates Corp.) with a tungsten layer was immersed In the 
aqueous dispersion at 25**C for 30 m!nutes, and the film tfilclcness k>88 after 30 mfnutas was determined by measuring 
the sheet resistance with a resistance measuring instrument (Model Slgn» S, product of NSP Corp.) according to the 
4-probe method; the etching rate was cateulated and found to be 12 AAnln. Also, an 8-lnch dermal oxidation film* 
coated sflbon wafer coating film (product name: "W-Blankef. film thickness: 10.000 A, prodiKxt of SKW Associates 
Corp.) was set In a chemical mechank:al polishing apparatus (Model "EPO-11 2", product of EbaraCorp.), and a porous 
potyurethane polishing pad (product name: "tCIOOO" by Rodel NItta Corp.) was used for polishing with a load at 300 
g/on^. The urethane pad surface was subjected to one minute of rotary polishing with the table at 50 rpm and the head 
at SO rpm while supplying the aqueous dlspersk>n at a rate of 200 co^ln. As a result, ^e renru>val rate as nneasured 
with an Omnlmap RS-75 (product of KLA-Tencor Corp.) was 2700 A/min. To evaluate the uniformity, the within wafer 
non-unlfonmlty (WIWNU) was measured by 49 point diameter scan, 3mm edge excluston, resulted in that 3 o was 
8.5%. For evaluation of the conrosion, patterned wafers with a 0.28 diameter contact hole were 30% over-poftshed 
and the number of keyholes observed; only two keyholes were found out of 100 contact holes. 

Examples 2A-10A and Comparative Examples 1Aand 2A 

[0063] The abrasive, heteropolyacki end pH were changed as shown In Table 1 , and the etching rates and polishing 
performance on tungsten 
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^ films were evaluated in the same manner as Example 1 A. The results are shown in Table 1 . The pH was adjusted by 
addition of KOH where necessary. 

[0064] According to the resutte in Table 1, the etching rates were 34 A/min or (ess in Hxampfes 1A to 10A. Tho 
rennoval rates were 1900 A/^min or greater, whteh were sufficient rates ot polishing, few or no keyholes were found 
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due to corrosion, and thus no problem was posed. On ttie other hand. Comparative Example 1 A extiibited the problem 
of numerous keyholes due to corrosion, while Ccmparative Example 2A exhibited the problem of an Insufficient rate 
of polishing. 

5 Example 11 A 

[0065] There was prepared 1 00 parts of an aqueous dispersion for CMP adjusted to pH 4 with KOH, in which 2 parts 
of silicomolybdlc acid was dissoh^ed and 1 part of fumed silica (#90. product of Nippon Aerosll Co. . Ltd.) was disperBed. 
[0066] A blanicet wafer ("Cu-BIanker, product of I MAT Corp.) with a copper layer was immersed In the aqueous 

10 dispersion at 25*C for 30 minutes, and the film thickness loss after 30 minutes was detemnlned by measuring the sheet 
resistance with a resistance measuring Instmrnent (Model Sigma 5. product of NSP Corp.) according to the 4-prot>e 
method; the etching rate was calculated and found to be 1 4 A/mln. Also, an 8-lnch themrtal oxidation film-coated silicon 
wafer coating copper film (product name: "Cu-BIankef , film thkrfcness: 1 0,000 A, pnKjud of IMAT Cotp.) was set In a 
chemk;^ mechanfcal polishing apparatus (Model •EPO-112", product of Ebara Corp.), and a porous polyurethane 

15 polishing pad (product name: NCI 000" by Rodel Nitta Corp.) was used for polishing with a load at 300 g/cm2. The 
urethane pad surface was subjected to one minute of rotary polishing with the table at 50 rpm and the head at SO rpm 
while supplying the aqueous dispersion at a rate of 200 cc/mln. As a result, the removal rate as measured with an 
Omnimap RS-75 (product of KLA-Tencor Corp.) was 4900 A/hnin. The WIWNU was measured by the same method as 
Example 1 A. resulted in that 3 a was 21%. For evaluatton of the com>sion, patterned wafers with a 0.28 ^m diameter 

20 contact hole were 30% over-pollshed and the nunnber of keyholes obsen^ed; no keyholes were found out of 1 00 contact 
holes. A wiring-patterned wafer (SKW6-2. product of SKW Corp.) was also 30% over-polished, and the dishing of a 
100 wiring wklth was evaluated to be a satisfactory 800 A. 

Examples 1 2A-1 9A and Comparative Examples 3A and 4A 

25 

[(M>67] The heteropolyacid, pH and abrasive were changed as shown in Table 2, and the etching rates and polishing 
perfomiance on copper fibns were evaluated in the same manner as Example 11 A. The results are shown in Table 2. 
The plH was adjusted by addition of KOH where necessary. 

[0066] According to the results In Table 2. the etching rates were 23 A/min or less in Examples 11 A to 19A. The 
50 removal rates were 2900 A/min or greater, which were sufficient rates of polishing. Also, few or no keyholes wtrt found 
due to corrosion, and thus no problem was posed. On the other hand. Con^arathfe Example 3A exhibited the problem 
of numerous keyholes due to corroston, while Comparative Example 4A exhibited the problem of an insufficient rate 
of polishing. 

35 
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(2) Experimental Example 2 



[0069] Aqueous di^rstons for CMP were prepared for Examples IBto 1SB andC<HTipara!lveExamp«es IB toSB, 
and were evaluated. 
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Example IB 

[0070] An aqueous dispersion for CMP was prepared by dIssoMng 5 wt% of sIlIoomolytKlic add (product of Wako 
Junyaku Co., Ltd.) and 1 wt% of oxalic acid (product of Wako Junyaku Co., Ltd.) in water and further dispersing 5 wt% 
of fumed sll^ (#90, product of Nippon Aerosli Co.. Ltd.). The pH of the aqueous dispersion was 1 .5. 
[0071 ] A blanket wafer (^-Blanket", product of SKW Associates Corp. ) with a tungsten layer was Immersed in ^e 
agueous dispersion at 25**C for 30 minutes, and the fiim thickness toss after 30 minutes was determined by measuring 
the sheet resistance with a resistance measuring instrument (Model Sigma 5, product of NSP Corp.) according to the 
4-probe method; the etching rate was cateulated and found to be 13 A/min. Also, an 8-tnch thermal oxidation film- 
coated slik»n wafer coating film (product name: "W-BlankeT, film thickness: 10,000 A, product of SKW Associates 
Corp.) was set In a chemical mechanical polishing apparatus (Model "EPO-1 1 2'. product of Ebara Corp.). and a porous 
potyurethane polishing pad (product name: "iCIOOO" by Rodel Nttte Corp.) was used for polishing with a load at 300 
g/cm^. The urethane pad surface was subjected to one minute of rotary polishing with the table at 50 rpm and the head 
at 50 rpm while supplying the aqueous dispersion at a rate of 2CK> cc^mln. As a result, the removal rate as measured 
with an Omnimap RS-75 (product of KLA-Tencor Corp.) was 2900 A/mln. The WIWNU was measured by the same 
method as Example 1 A, resulted In that 3 a was 8.5%. For evaluation of the corrosion, pattemed wafers with a 0.28 
^m diameter contact hole were 30% over-polished and the number of keyholes observed; only two keyholes were 
found out of 1 00 contact holes. 

[0072] A wiring-pattemed wafer ("SKWS", product of SiCW Corp.) was also 30% over-polished, and the dishing of a 
1 00 ^m wiring width was evaluated to be a satisfactory 500 A. 

Examples 2B-6B and Comparative Examples 1 B. 2B 

[0073] The abrasive, heteropotyacid or other oxidizing agent, as well as the type and anrraunt of organk: acid and 
the pH. were changed as shown in Table 3. and the etching rates and polishing performance on tungsten filn^ were 
evaluated in the same manner as Example 1 B. The results are shown In Table 3. 

[0074] The high purity colloidal silica used for Examples 2B and 4B. the iumed alumina used for Example 5B and 
the polymethyl methacrylate particles used for Example 6B were obtained by the methods described below. The phos- 
phoromolybdlc acid used was a product of Wako Junyaku Co., Ud. The ptH was also adjusted by addition of KOH 
where necessary. 

Synthesis of high purity colloidal slltea (Examples 2B, 4B) 

[COTS] The high purity colloidal silica used was prepared by soh^ent replacement of a condensate of tetraethoxysliane 
In an ethanol^water mixed solvent using ammonia as the catalyst In water, as described in J. of Collokj and Interface 
Science, 26, 62-69(1 968). Two types of high purity coltoldal siitea with particle sizes of 39 nm and 67 nm were synthe- 
sized by changing the ethanolAwater ratio. 

Fumed alumina (Example 5B) 

[0076] A dispersion of "Alumina C" (trade name of Degusa Corp.) was used. 
Synthesis of 0.2 um polymethyl methacrylate (Example 6B) 

[0077] fiSter loading 96 parts of methyl methacrylate, 4 parts of methacrytic add, 0.1 part of ammonium lauryl sulfate. 
0.5 part of ammonium persulf ate and 400 parts of ion-exchanged water into a 2-lIter flask, the temperature was raised 
to 70^C while stining in a nitrogen gas atmosphere, for 6 hours of polymerization. This yiekled an aqueous dispersion 
comprising carboxyl group-containing anionk: polymethyl methacrylate polymer fine particles with a mean particle size 
of 0.2 Jim (hereunder referred to as "0.2 ]im PMMA particles"). The polynierization yield was 95%. 
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[0078] According to the results in Table 3. the etching rates were 20 A/mIn or tess in Exampte 1 B to 6B, The removal 
rates were 2000 A/min or greater, which were sufficient rates of polishing. AIso» few or no keyholes were found due to 
corrosion, and thus no problem was posed. On the other hand. Comparative Exarrple IB exhibited the problem of 
numerous keyholes due to corrosion, while Comparative Example 2B exhtoited the problem of an insufficient rate of 
polishing, and evaluation of the keyholes, dishing and In-plane homogeneity was not possible. 

Example 7B 

[0079] An aqueous dispersion for CM P adjusted to pH 4 with KOH was prepared by dissolving 2 wt% of silicomotybdte 
acid {product of Wako Junyaku Co., Ltd.) tn water and 1 wt% of malete acW (product of Wako.Junyaku Co.. Ltd.) and 
further dispersing 1 wt% of fumed silica (»90, product of Nippon Aerosil Co.. Ltd.). 

[0080] A blanket wafer fCu-BIanker. product of IMAT Corp.) with a copper layer was InrmerBed In the aqueous 
dispersion at 25*C for 30 minutes, and the film thickness toss after 30 minutes was determined by measuring the sheet 
resistance with a resistance measuring instrument (Model Sigma 5, product of NSP Corp. ) according to the 4-probe 
method; the etching rate was calculated and found to be 12 A/mln. Also, an 8-inch thenrnl oxidation fikrvcoated ailbon 
wafer coating copper film (product name: "Cu-8lanket" , film thbkness: 1 0,000 A, product of IMAT Corp.) was set in a 
chembat mechancal polishing apparatus (Model 'EPO-112", product of Ebara Corp.), arKi a porous potyurethane 
polishing pad (product name: "tCIOOO' by Rodel Nttta Corp.) was used for polishing with a load at 300 g^cm^. The 
urethane pad surface was subjected to one rninute of rotary polishing with the table at SO rpm and the head at 50 rpm 
while supplying the aqueous dispersbn at a rate of 200 cc/mln. As a result, the removal rate as measured with an 
Omnlmap RS-7S (product of KLA-Tencor Corp.) was 5300 AAnin. The WIWNU was measured by the same method as 
Example 1 A. resulted In that 3 o was 1 8.0%. For evaluatton of the con-oston, patterned wafers with a 028 fim diameter 
contact hoie were 30% overisolished and the number of keyholes obsenred; no keyholes were found out of 1 00 contact 
holes. A wirlng-pattemed wafer (SKW6-2, product of SKW Corp.) was also 30% over-polished, and the dishing of a 
1 00 ^m wiring wklth was evaluated to be a satisfactory 600 A. 

Examples 8B-12B and Comparative Exanr^les 3B. 4B 

[0081] The abrasive, hetempolyadd or other oxidizing agent, as well as the type and amount of organic acid and 
the pH, were changed as shown in Table 4, and the etching rates and polishing performance on copper films were 
evaluated In the same manner as Example 7B. The results are shown in Table 4. 

[0082] The high purity colloklal sllk^a, fumed alumina and 0.2 (im PMMA particles were obtained by the same ntethod 
as those in Table 3. The silfeomoiybdlc add used was a product of WSako Junyaku Co., Ltd. 
[0083] The pH was also ac^usted by addition of KOi-l where necessary. 

[0084] According to the results in T^le 4, the etching rates were 21 A/hnln or less in Exanr^les 78 to 12B. The 
removal rates were 2900 A/min or greater, which were sufficient rates of polishing. Also, few or no keyholes were found 
due to cont>sion. and thus no problem was posed. On the other hand, Comparative Example 3B exhibited the problem 
of numerous keyholes due to corroston, while Comparative Example 4B exhbited the problem of an Insufficient rate 
of polishing, and evaluatton of the keyholes, dishing and in-plane homogeneity was not possible. 
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Example 13B 

[0065] An aqueous dispersion for CM P adjusted to pH 4 with KO H was prepared by dlssoMng 4 wt% of slllcomolybdto 
acid (product of Wako Junyaku Co. , Ltd.) and 1 wt% of malonlc acid (product of Wako Junyaku Co., Ltd.) In water and 
further dispersing 2 wt% of fumed alumina f Alumina C. product of Degusa Corp.). 

[0086] A blanket wafer with an atumlnum layer was immersed In the aqueous dtspereton at25*C for 30 minutes, and 
the film thickness loss after 30 minutes was determined by measuring the sheet resistance with a resistance measuring 
Instrument (Model Sigma 5. product of NSP Corp.) according to the 4-probe method; the etching rate was calculated 
and found to be 10 A/min. Also, an B-lnch thenmal oxidation ftlm-coated silicon wafer coating aluminum film (fi!m thick- 
ness: 6,000 A) was set In a chembal mechank:al polishing apparatus (Model "ERG-US', product of 6>ara Corp.). and 
a porous polyurethane polishing pad (product nanve: 'ICIOOO" by Rodel Nitta Corp.) was used for polishing ¥nth a load 
at 300 g/cm^. The urethane pad surface was subjected to one minute of rotary polishing with the table at 1 00 rpni and 
the head at 100 rpm virile supplying the aqueous dispersion at a rate of 200 cc/mln. As a result, the renrtova) rate as 
measured with an Omnimap RS-75 (product of KLA-Tencor Corp. ) was 3900 A^nin. The WiWNU was nr^easured by 
the same method as Example 1 A, resulted In that 3 o was 15.3%. For evaluation of the corrosion, patlemed wafers 
with a 0.28 ^m diameter contact hole were 30% over-poIlshed and the number of keyholes observed; no keyholes 
were found out of 1 00 contact holes. A wirtng-pattemed wafer was also 30% over*poll8hed. and the dishing of a 1 00 
\ur\ wiring width was evaluated to be a satisfactory 900 A. 

Examples 14B-15B. Comparative Example SB 

[0087] The abrasive, heteropotyacid or other organk: add, as well as the type and amount of organk: ackl and the 
pH , were changed as shown in Table 5, and the etching rates and polishing performance on copper films were evaluated 
in the same nnanner as Example 13B. The results are shown In Table 5. 
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[0088] The high purity colloidal sHlca and phosphoromolybic add were obtained by the same method as those in 
Table 3. The pH was also adjusted by addition of KOH where necessary 

[0089] According to the results in Tabie 6, the etching rates were 25 A/nrtln or less in Exanr^les 13B to 15B. The 
removal rates were 280O A/mln or greater, which were sufficient rates of polishing. Also, few or no keyholes were found 
5 due to com)slon, and thus no problenn was posed. On the other hand, Comparative Exampte SB exhibited the problem 
of an insufficient rate of polishing, and evaluation of the ke^oies, dishing and In-plane homogeneity was not possible. 

(3) Experimental Exanple 3 

10 [OOdO] Aqueous dispersions for CMP were prepared for Examples 1 C to 11 C and Comparative Exarr^ies 1 C to 6C, 
and were evaluated. 

Svntf^esls of colloidal silica 

15 [0091] The colloidal silica used was prepared by solvent replacement of a condensate of tetraethoxysllane in an 
ethanol/water mixed solvent using ammonia as the catalyst in water, as described in J . of Colloid and Interface Science, 
28, 62-69(1988), after concentration. Three types of high purity colloidal siitoa with mean secondary partble sizes of 
39 nm, 67 nm and 1 25 nm were synthesized by changing the ethanolAwater ratto, the ammonia content and the reaction 
temperature. Cateulation of the primary particle sizes from the spedfic surface areas of eadi cottoidat silica measured 

20 by the BET method gave values of 1 5 nm, 35 nm and 75 nm. 

[0092] Measurement of the sodium content of each colloidal silk:a by the atomk: absorption method gave values of 
1 ppm, 0.7 ppm and 0.9 ppm. 

Exantple 1 C 

25 

[0093] An aqueous dispersion for CMP was prepared by dissolving 3 wt% of siiicomolybdic acid (product of Wako 
Junyaku Co., Ltd.) in water and further dispersing 5 wt% of coilolda) silk^a with a primary partido size of 1 5 nm. The 
pH of the aqueous diversion was 1 .9. 

[0094] A blanket wafer ("W-BIankef , product of SKW Associates Corp.) with a tungsten layer was Imn^ersed In the 
30 aqueous dispersion at 25^0 for 30 minutes, end the film thickness loss after 30 minutes was determined by measuring 
the sheet resistance with a resistarx:e measuring Instrument (Model Sl^na 5. product of NSP Corp.) according to the 
4-probe method; the etching rate was calculated and found to be 12 A/min. Also, an 8-lnch thenmal oxidation film- 
coated 8ilkx)n wafer coating film (product name: "W-Blanket", film thickness: 10,000 A, product of SKW Associates 
Corp.) was set in a chemical mechanbal polishing apparatus (Model "EPO-11 2", product of EbaraCorp.), and a porous 
35 potyurethane polishing pad (product name: "ICIOOO* by Rodel Nttta Corp.) was used for polishing with a load at 300 
g/cm^. The urethane pad surface was subjected to one minute of rotary polishing with the table at 60 rpm and the head 
at 50 rpm while supplying the aqueous dispersion at a rate of 200 co^min. As a result, the rennoval rate as measured 
with an Omnlmap RS-75 (product of KL^-Tencor Corp.) was 2500 A/nr^n. The WiWNU was measured by the tame 
method as Exampte 1 A. resulted in that 3 a was 9.2%. Also, the number of scratches (Kt) produced on the entire 
40 polishing surface (represented as *Sr. units: mm^ was measured with a wafer surface matter scanning apparatus 
("Surfacescan SPI". product of KL^ Tencor Co., Ltd.), and catoulatton of the number of scratches per unit area (10-^ 
mm^, 100 X 100 ^m square region) according to the fonrtula given t>elow yielded a result of one scratch per unit area. 

Scratch counting method 

45 

Number of scratches per unit area Kt/(St/10'^ 

[0095] For evaluation of the corrosion, patterned wafers w^ a 0.28 pm diametercontact hole were 30% over-polished 
and the number of keyholes obsen/ed; no keyholes were found out of 100 contact holes. A wiring-patterned wafer 
so (SKW5, product of SKW Corp.) was also 30% over-polished, and the dishing of a 1CX) ^m wiring width was evaluated 
to be a satisfactory 780 A. 
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Examples 2C-4C and Comparative Exanrn)ies 1C. 2C 

[0096] The colloidal silica, heteropoiyacid or other oxidizing agent, as well as the type and amount of organic acid 
and the pH, were changed as shown in Table 6, and the etching rates and polishing perfomiance on tungsten fBms 
5 were evaluated in the same manner as Example 1 C. The results are shown In l^le 6. 
[0097] The piH was also adjusted by addition of KOH where necessary. 

[0098] The phosphoromolylKJic acid used for Exanr^le 4C was a product of Wako Junyaku Co., Ltd. The fumed 
alumina used for Comparative Example ac was prepared by dispersion of "Alumina C" (product of Degusa Corp., 
primary particle size: 13 nm). 

to [0099] According to the results in Table 6. the etdiing rates were 20 A/mln or less In Examples 1 C to 4C. The renrwval 
rates were 2100 A/hiin or greater, which were sufficient rates of polishing. Aiso, there were few or no scratches or 
keyholes due to corrosion, and thus no problem was posed. On the other hand, Conrparative Example 1C exhibited 
the problem of a high etching rate, considerable dishing and a large nrniber of keyholes due to corroston, while Com- 
parative Example 2C exhibited the problem of a large number of scratches. 

IS 

Example 5C 

[01 00] An aqueous dispersion for CM P adjusted to pH 4 with KOH was prepared by dissolving 2 wt% of silteomolybdk; 
acid (product of Wako Junyaku Co., Ud.) and 2 wt% of maleic acid (product of Wako Junyaku Co., Ltd.) In water and 

20 further dispersing 2 wt% of colloklal silica with a primary partk:le size of 1 5 nm was dispersed. 

[0101] A blanket wafer fCu-BIanker. product of IMAT Corp.) with a copper layer was immersed In the aqueous 
dispersion at aS'^C for 30 minutes, and the film thickness toss after 30 minutes was determined by measuring the sheet 
resistance with a resistance measuring instrument (Model Sigma 5. product of NSP Corp.) according to the 4-prDbe 
method; the etching rate was calculated and found to be 12 A/min. Also, an 8-inch thermal oxidation film-coated silteon 

55 wafer coating copper film (product name: "Cu-Blanker , film thtekness: 1 0.000 A. product of IMAT Corp.) was set in a 
chembal mechanical polishing apparatus (Model "EPO-112', product of Ebara Corp.), and a porous polyurethane 
polishing pad (product name: "IC1000" by Rodel Nitta Corp.) was used for poDshlng with a load at 300 gtem^. The 
urethane pad surface was subjected to one minute of rotary polishing with the table at 50 rpm and the head at SO rpm 
while supplying the aqueous dispersion at a rate of 200 cc/nr^n. As a result, the renfu>val rate as measured with an 

30 Omnimap RS-75 (product of KLA-Tencor Corp.) was 6400 A/min. The WIWNU was nwasured by the same method as 
Example 1 A, resulted in that 3 o was 1 7.5%. Also, cateulatton of the number of scratches (Kt) produced on the entire 
poltsning surface with a wafer surface matter scanning apparatus ("Surfacescan SP1", product of KLA Tenoor Co., 
Ltd.), yiekfed a result of one scratch per unit area. 

[0102] A wiring-patterned wafer (SKW6-2, product of SKW Corp.) was also 30% over-poiished, and ttie dishing of a 
35 1 00 MJin wiri ng wklth was evaluated to be a satisfactory 650 A. 

Examples 6C-8C, Comparative Examples 3C. 4C 

[0103] The colloidal siik^. heteropotyacid or other oxidizing agent, as weli as the type and amount of organic ackl 
^ and the pH, were changed as shown In Table 7. and the etching rates and polishing perfonmance on copper films were 
evaluated in the same manner as Example 5C. The results are shown in Table 7. 

[01 04] The sirfcotungstk: acid used was a product of Wako Junyaku Co., Ltd. The phosphoronrralybdk: ackJ and fumed 

alumina were stained in the same manner as those in Table 6. 

[0105] The pl-t was also adjusted by addition of KOIH where necessary. 
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[0106] According to the results In Table 7, the etching rates were 25 A/nftIn or less In Examples 6C to 8C. The removal 
rates were 4200 A/mln or greater, whteh were sufficient rates of polishing. Also, very few scratches were found, and 
thus no problem was posed. On the other hand, Conrtparative Example 3C exhibited the problem of a high etching rate 
end considerable dishing, while Conrvparatlve Example AC exhibited the problem of a targe number of scratches. 

3 

Exannple 9C 

[0107] An aqueous dispersion for CM P adjusted to pH 4 with KOH was prepared by dissolving 5 wt% of siilconnotybdic 
acid (product of Watco Junyaku Co., Ltd.) and 2 wt% of malonlc acid (product of Wako Junyaku Co., Ltd.) In water and 

10 further dispersing 3 wt% of colloidal silica with a primary partide size of 1 5 nm. 

[01 08] A blanket wafer with an aluminum layer was Immersed in the aqueous disperston at 25*C for 30 minutes, and 
the film thickness loss after 30 minutes was detennined by measuring the sheet resistance wt^ a resistance measuring 
Instrument (Model Sigma 5. product of NSP Corp.) according to the 4-probe method; the etching rate was cateulated 
and found to be 1 5 A/min. Also, an B-Inch thermal oxidation film-coated silicon wafer coating aluminum film (film thtek- 

is ness: 6.000 A) was set in a chembal mechanical polishing apparatus (Model "EPO-1 12", product of Ebara Corp.), and 
a porous potyurethane polishing pad (product name: 'tCI 000" by Rodel Nltta Corp.) was used for polishing with a load 
at 300 g/cm^. The urethane pad surface was subjected to one minute of rotary polishing with the table at 1 00 rpm and 
the head at 100 rpm while supplying the aqueous dispersion at a rate of 200 cc/min. As a result, the removal rate as 
measured with an Omnlmap RS-75 (product of KLA-Tencor Corp.) was 3200 A/min. The WIWNU was measured by 

so the same method as Example 1A, resulted in that 3 a was 18.2%. Also, calculation of the number of scratches (Kt) 
produced on the entire polishing surface with a wafer surface matter scanning apparatus ("Surfacescan SP1 product 
of KLA Tencor Co., Ltd.), yielded a result of 3 scratches per unit area. A wiring-patterned wafer was also 30% over* 
polished, and the dishing of a 1 00 ^ wiring width was evaluated to be a satisfactory 9S0 A. 

25 Examples 10C-11C, Comparative Example 5C 

[0109] The colloidal silica, heteropolyadd or other organic acid, as well as thelype and amount of organic acid and 
the pH, were changed as shown In Table 8, and the etching rates and polishing performers on aluminum films were 
evaluated in the same manner as Example 9C. The results are shown in Table 8. 
30 [01 1 0] The pH was also adjusted by addition of KOH where necessary. 

[0111] According to the results In Table 8, the etching rates were 25 A/hnIn or less in Exannpfes 9C to 11C. The 
removal rates were 2500 A/min or greater, whk:h were suffteient rates of polishing. Also, very few scratches were found, 
and thus no problem was posed. On the other hand, Comparative Example 6C exhibited the prc^tente of a high etching 
rate, considerable dishing and a large numt>er of scratches. 
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[0112] There is provided an aqueous diversion for CMP with an excellent balance between chennicaJ etching and 
mechanteal polishing perfomiance. The aqueous dispersion for CMP of the Invention is characterized by conrprising 
an abrasive, water and a heteropolyacid. Another aqueous dispersion for CMP according to the invention is charac- 
terized by comprising an abrash^e, water, a heteropolyacid and an organic acid. Yet another aqueous dispersion for 
5 CMP according to the Invention Is characterized by comprising colloidal silica wfth a primary particle size of 5-1 00 nm, 
water and a heteropolyacid. Preferred for the heteropofyadd ts at (east one type selected from among silicomoiybdic 
acid, phosphorotungstic acid, silicotungstic acid, phosphoromotybdic acid and silicotungstomolybdlc acid. Prefered 
for the organic acid is at least one setected from among oxalic acid, malonlc add. succinic acid, glutaric arid, adipic 
acid, matek: acid, f umaric arid, phthaiic add, malic acid, tartaric add and dtric add. 

10 

Claims 

1 . An aqueous dispersion for chemical mechanical polishing characterized by comprising an abraswe, water and a 
IS heteropotyadd. 

2. An aqueous dispersion for chemical mechanical polishing according to riatm 1 . characterized in that said heter- 
opolyacid is at least one selected from among silicomoiybdic acid, phosphorotungstic add, silicotungstic acid, 
phosphoromotybdic acid and siiicotungstonrwlybdlc add. 

so 

3. An aqueous dispersion for chemical mechanical polishing according to ria^ 1 , characterized by t^lng used for 
polishing of a polishing surface with a tungsten film. 

4. An aqueous dispersion for chemical mechanical polishing according to dakn 1 , chararierized by being used for 
25 pol Ishing of a polishing surface with at least one from among copper fihms, aluminum films, ruthenium films, tantalum 

flints , titanium films and platinum films. 

5. An aqueous dispersion for chemical mechanical polishing according to daim 1 , characterized in that upon contact 
with the metal layer of a polishing surface, the etching rate of said metal layer is 100 A/hiin or less. 

30 

6. An aqueous dispersion for chemical mechanical polishing, characterized by comprising an abrasive, water, a het- 
eropolyadd and an organic add. 

7. An aqueous dispersion for chemical nrtechanica] polishing according to daim 6, characterized in that said heter- 
35 opolyactd is at least one selected from among silicomolytKiic add. phosphorotungstic add, silicotungsttc acid, 

phosphoromotybdic acid and silicotungstomotybdic 

B. An aqueous dispersion for chemical mechanical polishing according to daim 6, characterized in that said organic 
add has two or more cart>oxyt groups In one molecuie. 

40 

9. An aqueous dispersion for chemical mechanical polishing according to daim 8, characterized in that said organic 
add is at least one seieded from antong oxalic add. malonlc acid, succinic add. glutaric add, ediptc add. nnaleic 
add. fumaric acid, phthaiic add. malic add. tartaric add and citric add. 

45 10. An aqueous dispersion for chemical mechanical polishing according to daim 6. diaracterized by being used for 
polishing of a polishing surface with a tungsten film. 

11. An aqueous dispefslon for chemical mechanical polishing according to daim 6. characterized by being used for 
pel ishing of a polishing surface with at least one from among copper films, aluminum films, ruthenium films, tantalum 

50 films, titanium films and platinum films. 

12. An aqueous dispersion for chemica! mechanical polishing, characterized by comprising colloidal silica with a pri- 
mary particle size of 5-1 00 nm. water and a heteropolyacid. 

55 1 3. An aqueous dispersion for chemical mechanical polishing according to claim 1 2, diaracteriz^ in that said coiiddal 
silica Is colloidal silica obtained by hydrolysis and condensation from an alkoxysHane. 

14. An aqueous diversion for chemical mechanical fKilishing according to da!m 1 2, characterized in ^at said heter- 
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opolyacid is at least one selected from among silicomolybdte acid, phosphorotungstic acid, silicotungstfe add, 
phosphoromotybdic acid and silicotungstomotybdic add. 

15. An aqueous dispersion for chemical mechanical polishing according to claim 12, characterized by further compris- 
ing an organic add. 

16. An aqueous dispersion for chemica] mechanical polishing according to daim 12, characterized by being used for 
polishing of a polishing surface with a tungsten fiim. 

17. An aqueous dispersion for chemical mechanical polishing according to dafrn 12, charat^erized by being used for 
polishing of a polishing surface with at least one from among copper filma, aluminum filnrw, ruthenium films, tantalum 
films, titanium iWms and platinum films. 
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